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1
WELLHEAD ANNULUS MONITORING

This application 1s the U.S. national phase of International
Application No. PCT/GB2009/001783, filed 15 Jul. 2009,
which designated the U.S. and claims priority to GB Appli-
cation No. 0815035.1 filed 16 Aug. 2008, the entire contents

of each of which are hereby incorporated by reference.

BACKGROUND

1. Technical Field

This invention relates to subsea well heads and particularly
to the monitoring of pressure in the region between a produc-
tion casing string and a relatively outer casing.

2. Related Art

Subsea wellheads support a multiplicity of casing strings
which extend down into a well. These casing strings include
a production casing string and a relatively outer casing string.
These strings are usually within a larger casing known as the
outer conductor. The annular region between the production
string and the relatively outer string 1s usually called the B
annulus. It 1s desirable to monitor the pressure in the B annu-
lus and preferable for the monitoring to be performed by
means ol an associated production tree, 1.e. a Xmas tree.

There exists a variety of designs such as those described in
the documents GB-2376485-A and GB-2395736-A for this
general purpose. These and other existing designs are how-
ever quite complex. In particular they include penetrations of
the wellhead housing and conduits either through this hous-

ing or external thereto to a region above any casing hanger.
There exists a need for a simpler yet reliable design.

It 1s known (for example from U.S. Pat. No. 5,366,017) to
provide communication from the B annulus to the tree by way
ol a passage through a production casing hanger. However,
the passage needs blocking during the stages of drilling and
the 1nstallation of the casing hanger and it 1s the object of the
present mvention to provide an assembly which allows the
selective closure and opening of the passage by means of an
casily operated sealing adaptor.

BRIEF SUMMARY

In a preferred embodiment, a subsea wellhead assembly
includes a production casing hanger defining a series of pas-
sageways from an annulus between a production casing string
and a relatively outer casing to a region communicable with a
production tree, the passageways extending to the interior of
the casing hanger. A positionally adjustable sleeve fits within
the casing hanger and carries exterior seals which are dis-
posed so that for a first to position of the sleeve within the
casing hanger fluid passage through the series of passageways
1s blocked and for a second position of the sleeve within the
casing hanger said fluid passage 1s allowed.

The positionally adjustable sleeve may make a screw
threaded engagement with the casing hanger such that move-
ment of the sleeve between the two positions can be effected
by rotation of the sleeve.

The passageways through the casing hanger may include
two passageways which communicate with the interior of the
casing hanger in spaced apart locations. One of these passage-
way may extend radially through the casing hanger from the
outside to the inside thereol and the other may extend radially
from the mside of the casing hanger partly through the casing
hanger and may lead to a vertical passageway extending
upwardly through the body of the casing hanger to the region
which can communicate with the production tree.
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The seals may include two spaced apart seals which, in the
first position of the sleeve, are disposed one above and one
below one of the two passageways. The seals may include a
third seal, the third seal and at least one of said two seals
sealing a space embracing said locations from above and
below.

The assembly may include an 1solation sleeve which pro-
vides communication between said region and the production
tree, and 1n particular by way of an upward passageway from
the region.

The exemplary embodiment also provides a production
casing hanger for a subsea well including an upper cylindrical
part and a lower cylindrical part of lesser internal diameter
than the upper cylindrical part, in which a first passageway
extends radially through the lower part of the casing hanger
from the outside to the 1nside thereof and a second passage-
way extends radially from the inside of the casing hanger
partly through the casing hanger, and 1n which a passageway
extends upwardly from the second passageway through the
lower part of the casing hanger to a region within the upper
part of the casing hanger, the casing hanger being adapted to
receive an internal sleeve which 1s positionally adjustable to
allow and prevent fluid flow through the upward passage to
the region.

One embodiment of the invention 1s now described by way
of example with reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWING

The single FIG. 1 1llustrates the relevant parts of a wellhead
assembly including a casing hanger and an adaptor according
to an exemplary embodiment of the invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The assembly 1 shown in FIG. 1 includes a production
casing hanger 2 which has an upper larger diameter part 2a
and a lower lesser diameter cylindrical part 26 which extends
downwardly. ‘Upwardly’ and ‘downwardly’ herein refer to
the normal disposition of the assembly 1n use. Outside the
casing hanger part 2a 1s an upper pack-oif seal 3 disposed
between the casing hanger 2 and the wellhead casing (not
shown). Below the casing hanger part 2a and outside the part
2b are the various parts of a locking assembly 4, 5 and 7
associated with a lower pack-off seal 6 which 1s disposed
between the casing hanger 2 and the wellhead casing (not
shown).

Below the lower pack-oil seal 6, overlapping the lower part
thereol and disposed outside the lower part 256 of the casing
hanger 2, 1s a (relatively) outer casing 8, sometimes called the
1334" or 14" (356 mm) casing. The lower pack-oif seal 6
engages the exterior of this casing.

The design of the locking assembly 1s not directly relevant
to the invention but in this example it comprises an upper
activator ring 4, an outer ring 5 making a threaded engage-
ment with the lower pack-oit seal 6; and a lower activator ring
7. The lower activator ring 7 1s secured to the upper activator
ring 4 by screws (not shown). The lower activator ring has a
slot 71 which 1s opposite a groove 72 1n the outer ring 5.
Within the slot 71 1n the ring 7 1s a holder 73 which supports
a shear pin 74 biased outwardly by a spring 75. The holder 73
1s held 1n place by a screwed retainer ring 76. During the
setting of the lower pack-oftf seal 6 the activator rings 4 and 7
move downwards; the spring loaded shear pin 74 engages the
groove 72. There would normally be a plurality of such
assemblies but only a single one 1s shown.
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Between the outer casing 8 and the lower part of a produc-
tion casing string, sometimes called the 934" or 10" (254 mm)
casing, which 1s not shown 1n the FIGURE but will be sup-
ported by and within the casing hanger 2, 1s an annular space,
which 1s usually called the B annulus and 1s denoted by the
letter B.

Within the upper part 2a of the casing hanger 2 1s shown the
lower part of a secondary 1solation sleeve 94 for a production
tree. The lowermost part of the 1solation sleeve 9q {its within
the part 26 of the casing hanger 2 and can be sealed relative
thereto by a seal 10, which 1s held 1n place by a threaded ring
11 at the lower margin of the sleeve 9a, and a seal 12 which 1s
disposed in an annular groove in the outer surface of the
sleeve 9a just above the seal 10.

A primary isolation sleeve 95 fits within the upper part 2a
ol the casing hanger 2 and 1s sealed thereto by annular seals 13
and 14 each disposed 1n annular grooves 1n the periphery of
the 1solation sleeve 95.

The secondary 1solation sleeve 9a provides a vertical pas-
sageway 135 which leads upwards from a space 16 which 1s
defined by the isolation sleeves 9a and 96 and the casing
hanger 2 and in particular 1s below the primary 1solation
sleeve 9b and between the secondary 1solation sleeve 9a and
the casing hanger 2. This passageway 135 leads upwards to
pressure monitoring devices which may be disposed 1n any
convenient manner in the production tree and which can
monitor the pressure 1n the annular space B. However, other
arrangements may be used to provide communication
between the space 16 and the production tree.

Within the lower part 256 of the casing hanger 2 1s shown a
generally cylindrical adaptor sleeve 17 which on 1ts lower part
has a screw threading 18 engageable with a screw-threading
19 on the 1mnside of the lower part 26 of the casing hanger 2.
There 1s a gap A between the top of the adaptor sleeve 17 and
the bottom of the secondary 1solation sleeve 9a to allow for
the vertical movement of the adaptor sleeve 17 when it 1s
rotated in screw-threaded engagement with the casing hanger.

The arrows 1n the FIGURE show the tlow of flud under
pressure from the B annulus through a series of passageways
provided by the casing hanger 2 to the passageway 15 which
1s between the primary 1solation sleeve 95 and the secondary
1solation sleeve 9a and which in this example leads to the
production tree. This series of passageways comprises a pas-
sageway 20 between the casing 8 and the casing hanger 2, a
radial passageway 21 through the part 26 of the casing hanger
to the interior, a space 22 between the exterior of the adaptor
17 and the 1nside of the casing hanger 2, another radial pas-
sageway 23 partly through the casing hanger from the space
22, and a vertical passageway 24 which extends upwardly
within the body of the casing hanger 2 to the space 16 between
the casing hanger 2 and the 1solation sleeves 9a and 95.
Thereby there 1s communication with the passageway 15.

The radial passageways 21 and 23 are spaced apart where
they communicate with the iterior of the casing hanger 2.
The adaptor sleeve 17 carries exterior annular seals 25, 26 and
277, of which seal 25 1s normally always above the passageway
21. The seals 26 and 27 may be disposed, according to the
vertical position of the adaptor 17, either one above and one
below the passageway 23 or both below the passageway 23.

For a position of the adaptor when the seals 26 and 27
straddle the passage 23, the passage of fluid from the B
annulus to the passageway 15 1s blocked, because fluid will
not enter the passageway 23 from the space 22. For a position
of the adaptor 17 as i1s shown 1n the FIGURE, the series of
passageways between the annulus B and the passageway 15 1s
open. The space 22 embracing the locations where passage-
ways 21 and 23 communicate with the interior of the casing
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hanger 1s however sealed from above and below by at least the
seals 25 and 27 to prevent leakage upwards or downwards
from or into the space 22.

It may be noted that the adaptor 17 may be operated by a
simple mechanical spring-loaded key tool (not shown), which
1s required only to rotate the adaptor. Such a tool may readily
be configured to operate through the Xmas tree aiter the tree
has been landed and tested, so as to permit the testing of the
adaptor and the communication interface betfore the installa-
tion of the blow-out preventer (BOP) and the completion
string.

The mvention claimed 1s:

1. A subsea wellhead assembly comprising;:

a production casing hanger defining a series of passage-
ways from an annulus between a production casing
string and a relatively outer casing to an interior of said
casing hanger and from an 1nterior of said casing hanger
through said casing hanger to a region communicable

with a production tree, the passageways extending to the
interior of the casing hanger, and

a positionally adjustable sleeve which fits within the casing
hanger and carries exterior seals which are disposed so
that for a first position of the sleeve within the casing
hanger, flmid passage through the series of passageways
by way of said interior 1s blocked, and for a second
position of the sleeve within the casing hanger, said tluid
passage 1s allowed,

wherein the sleeve makes screw-threaded engagement
with the casing hanger such that movement of the sleeve
between said positions can be effected by rotation of the
sleeve.

2. An assembly according to claim 1 wherein said passage-
ways 1nclude two passageways which communicate with the
interior of the casing hanger in spaced apart locations and said
seals comprise two spaced apart seals which 1 said first
position of said sleeve are disposed one above and one below
one of said two passageways.

3. An assembly according to claim 1 further comprising an
1solation sleeve which provides communication between said
region and a production tree.

4. An assembly according to claim 3 wherein said 1solation
sleeve defines an upward passageway from said region.

5. A subsea wellhead assembly comprising:

a production casing hanger defining a series ol passage-
ways Irom an annulus between a production casing
string and a relatively outer casing to an interior of said
casing hanger and from an 1nterior of said casing hanger
through said casing hanger to a region communicable
with a production tree, the passageways extending to the
interior of the casing hanger, and

a positionally adjustable sleeve which fits within the casing
hanger and carries exterior seals which are disposed so
that for a first position of the sleeve within the casing
hanger, fluid passage through the series of passageways
by way of said interior 1s blocked, and for a second
position of the sleeve within the casing hanger, said tluid
passage 1s allowed,

wherein said passageways include two passageways which
communicate with the interior of the casing hanger 1n
spaced apart locations and said seals comprise two
spaced apart seals which 1n said first position of said
sleeve are disposed one above and one below one of said
two passageways, and

wherein said seals include a third seal, the third seal and at
least one of said two seals sealing a space embracing said
locations from above and below.
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6. A subsea wellhead assembly comprising:

a production casing hanger defining a series of passage-
ways Irom an annulus between a production casing
string and a relatively outer casing to an interior of said
casing hanger and from an interior of said casing hanger
through said casing hanger to a region communicable
with a production tree, the passageways extending to the
interior of the casing hanger, and

a positionally adjustable sleeve which fits within the casing
hanger and carries exterior seals which are disposed so
that for a first position of the sleeve within the casing
hanger, fluid passage through the series of passageways
by way of said interior i1s blocked, and for a second
position of the sleeve within the casing hanger, said fluid
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ing and preventing communication between said first
and second passageways can be can be effected by rota-
tion of the sleeve.

10. The assembly of claim 9 wherein said first and second
passageways communicate with the interior of the casing
hanger at spaced apart locations and said seals include two
spaced apart seals which 1n a first position of said sleeve are
disposed one above and one below one of said locations.

11. The assembly of claim 9 turther comprising;:

an 1solation sleeve for providing communication between

said region and a production tree.

12. The assembly of claim 11 wherein said 1solation sleeve
defines an upward passageway from said region.

13. A subsea wellhead assembly comprising:

a production casing hanger comprising a body defining a

passage is allowed 15 first passageway extending from an annulus between a
wherein said passageways include two passageways which  BOCTE R B8 SR AL R e e
t th 1 t t
:;imec{llzgzrf EL atiozsullzgfa?d q ezlzasggipfi?fefég way extending from the interior of the casing hanger
spaced apart seals which in said first position of said upwlili‘dly _‘fhlthm ﬂclle Ct“ﬁ‘Sln% hangeé 1o a region commu-
1 d; d h d one hel feaid nicable with a production tree, an
;fg;eaigzg;ff;;: a?llze T AT DT DERT O T a positionally adjustable sleeve which {its within the casing
wherein one of the said two passageways extends radially Eilfl;lg;; ﬁiifgl;zz ;iiigﬁg;jfjﬂiﬁSzzilf%rei?:;
through the casing hanger from the outside to the inside <id First and socond passasewavs accordine (o the posi-
thereotf and the other of said two passageways extends o of the s passagewdy S P
dially from the inside of the casing h art] OB OF TIE SEEVES
il?r;ig}; a?:l caseinlg Slhaen;er ;ngazg’indasnglf;\ﬁardli wherein said casing hanger comprises an upper part and a
throug:;l the body of the casing hanger to the region lower part of lesser internal diameter than said upper
which can communicate with said production tree. part, S?iiﬁr Stpas Slellgewayfexteniing th{(zlugh Siid_lo‘“?gr
: . . art ol the casing hanger 1Irom the outside to the mnside
duz,;i‘jﬂ%;ii?f;ﬂ;?ﬁﬁﬁ%f;;r a subsea well, said pro- 5 Fhereof and said %econ%l passageway extending from the
an upper cylindrical part and é lower cylindrical part of inside of the casing hanger extending and upwardly
lesser internal diameter than the upper cylindrical part, tsl;fglilgh iildistiirtﬁirz zsfigle E:;megr ?gii?fl ?-I;dizhéough
wherein a first passageway extends radially through said 14 A Ep P head l:%l S 10T
: : . A subsea wellhead assembly comprising;:
!omfer part of the casing hanger from the outside o the s a production casing hanger con};prisilfg a bidy defining a
inside thereot and a second passageway extends radially first passageway extending from an annulus between a
from the 1nside of th ing h rtly through th
Czoslillllg 1211111265 Oand e;iilifn a;l g;;iz 5 ei; ay Ozft on di production casing string and a relatively outer casing to
upwardly from said second passageway through the the interim('l of tl}e Casingdhanggr analﬁ ahsewl%d pahssage-
: - et 4] way extending Irom said interior ol the casing hanger
tower part of the M hanger 1o a region within the 4, up\?;ardly wiﬂ%in the casing hanger to a regiongconm%u-
upper part of the casing hanger, nicable with a production tree;:
said casing hanger being adapted to recerve an internal _ . . . .
sleeve which is positionally adjustable to allow and pre- anaiijlufsta];éiiﬂiiﬁlgzﬂ;&j};gﬁi;Zlilélllaltfiédtza21;;11}% lil;gneg
vent fluid flow through the second passageway. . . . .
8. A production casing hanger according to claim 7 . hanger, said adjustable sleeve selectively allowing and

preventing communication between said first and sec-

wherein the casing hanger has an 1internal screw-threading for
engagement by the sleeve and allowing positional adjustment
thereof.

9. A subsea wellhead assembly comprising:

a production casing hanger comprising a body defining a
first passageway extending from an annulus between a
production casing string and a relatively outer casing to
the mterior of the casing hanger and a second passage-
way extending from the interior of the casing hanger
upwardly within the casing hanger to a region commu- .
nicable with a production tree, and

a positionally adjustable sleeve which fits within the casing,
hanger and carries seals which are disposed for selec-
tively allowing and preventing communication between
said first and second passageways according to the posi-
tion of the sleeve,

wherein the sleeve makes screw-threaded engagement
with the casing hanger whereby said selectively allow- I T

ond passageways according to the position of the sleeve;
and
an 1solation sleeve fitting within said casing hanger and
sealed thereto below said region, said region being
between said 1solation sleeve and said casing hanger.
15. The assembly of claim 14 wherein said first and second
passageways communicate with the interior of the casing
hanger at spaced apart locations and said adjustable sleeve
carries two seals which embrace said first and second loca-
tions and a third seal which 1n one position of said adjustable
sleeve 1s disposed between said first and second locations.
16. The assembly of claim 14 wherein said adjustable
sleeve makes screw-threaded engagement with said casing
hanger whereby said selectively allowing and preventing
communication between said first and second passageways 1s
cifected by rotation of said adjustable sleeve.
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